Introduction
Biomimetic studies of Cu-F bonds are important because of the ability of fluoride ions to inhibit oxidative metallo-enzyme activity. [1] Tyrosinase, an ubiquitous oxygenase enzyme, [2] is competitively inhibited by fluoride ions that coordinate to the dinuclear copper(II) active site. The inhibition is regulated by physiological conditions (low pH) and conformational changes in the protein backbone. [3] Supramolecular structures such as macrocycles, cavitands and cryptands have been used to mimic features of protein backbones, especially their hydrophobicity or capacity for weak interactions. This led to interesting applications in anion sensing [4] or biomimetic coordination chemistry, [5, 6] including the selective recognition of aqueous fluoride anion by an encapsulated Cu(II) center. [7] Cryptands are especially useful in studying highly reactive biomimetic intermediates, like those in oxygenase enzymes, because they have the ability to protect the metal center through second coordination sphere features while simplifying the overall chemistry and reaction products. We have applied this concept to the characterization of Cu-based oxidative reactions within coordinating cryptands. [8, 9] Herein, we provide the first study that explores the biomimetic relationship between Cu-F cryptates and the formation of Cu/O 2 intermediates.
Tren (tris-(2-aminoethyl)amine)-based coordinating cryptands are popular because of their high yielding syntheses when condensing with tris-aldehydes and because of their ability to form welldefined complexes with transition metals. [10] [11] [12] They have been used in applications such as ion sequestering and sensing [13] [14] [15] and host-guest chemistry. [16] They are, however, limited in the area of biomimetic oxidation chemistry because in the presence of metals, the secondary amines are easily oxidized to form imines complicating the reactions with several by-products. [17] [18] [19] N-Methylation is an easy solution to reduce side reactions under oxidative conditions but the additional steric constraint on the cryptand prevents encapsulation of transition metals with anionic hosts, [20, 21] 
Results and Discussion
A protonated copper(II) fluoride complex is formed by mixing copper(II)-tetrafluoroborate with LTEA in acetonitrile followed by slow diffusion in ether. ESI-MS reveals that the complex has acquired a fluoride ion from the BF 4 -anion, a well-documented phenomenon. [22] The X-ray structure of The three aromatic rings are all slightly rotated, creating C-H···F angles from 130 to 136° ( Table 2 ). The Cu(II)-F bond of 1.824(1) Å is among the shortest ever reported, with the ten shortest Cu-F bonds ranging from 1.804 to 1.862 Å. [25] [7, [26] [27] [28] [29] [30] [31] [32] [33] (3) 112 (2) In parallel to the encapsulated Cu(II)-fluoride complex, we isolated two Cu(II)-chloride complexes, The geometry in MeCN is TBP but in methanolic solution the geometry changes with the appearance of a new transition with a maximum at 555 nm (ε = 100 M -1 cm -1 ) ( Figure 3A) . The complex in methanol shows a dependence on base (Et 3 N) indicating that the cryptand is still protonated and that the pKa of the protonated ligand is very close to that of Et 3 NH + ( Figure 3B ). This addition of base leads to a complex with a square-based geometry evidenced by absorption bands at 580 nm (ε = 135 M -1 cm -1 ) and 672 (ε = 120 M -1 cm -1 ). [37, 40] The protonated cryptate can be regenerated by addition of an acid ( Figure 3C ).
Attempts to induce C 3 symmetry by adding acids to the chloride complexes failed and the reason is likely a combination of the increased ionic radius of the chloride ion and formation of weaker intramolecular hydrogen bonds. H···Cl bond distances are consistently 0.5 Å longer then H···F bond distances. [ The lack of reactivity of the chloride complex compared with the fluoride complex can be explained by the Cu-halide bond strength and hard/soft characteristics. The fluoride anion forms a weaker σ-bond with copper and has greater π-donation which has a more destabilizing effect due to the filled d orbitals of copper. [43] While the hard characteristic of the Cu(II) ion is unselective to halide ions the cryptand influences this property, creating a softer Cu(II) center that more favorably binds chloride ions. [43] Although mononuclear, the reactivity of [LTEAHCuF](BF 4 ) 2 has similarities to the dinuclear biological system tyrosinase. Tyrosinase systems are inhibited by bridged halides at low pH but undergo reactions at high pH. 
Conclusion
In conclusion, Cu(II)-halide cryptate complexes were formed and characterized. 4 Experimental Section
General
All materials were used as received from commercial sources. Cu. X-Ray crystallography was performed on the copper source of a Bruker APEX DUO. UV-Vis spectra were recorded on an Agilent 8453 spectrophotometer equipped with a Unisoku USP-203-A cryostat for temperatures down to -30°C. X-band EPR spectra were collected on a Bruker EMX Plus spectrometer controlled with Xenon software and equipped with a Bruker teslameter. A Bruker nitrogen-flow cryostat connected to a high-sensitivity resonant cavity was used for 100 K measurements. The EPR spectra were fit with Easyspin Fitting software. [45] X-ray crystallographic analysis was performed using the Cu-Kα microfocus source of a Bruker APEX-DUO diffractometer. The frames were integrated with the Bruker SAINT software package using a narrowframe algorithm. Data were corrected for absorption effects using the multi-scan method (SADABS). The structures were solved by direct methods and refined using the Bruker APEX2 software Package (SHELXL instructions). [46] All non-hydrogen atoms were refined with anisotropic thermal parameters. Hydrogen atoms were generated in idealized positions, riding on the carrier atoms, with isotropic thermal parameters.
Synthesis
[LTEAHCuF](BF 4 ) 2 (MeCN) 0.5 : To LTEA (15 mg, 25 μmol) suspended in 1 mL of acetonitrile was added copper(II) tetrafluoroborate (8.61 mg, 25 μmol) dissolved in 1 mL acetonitrile. The mixture was stirred for 10 minutes and a dark green solution evolved. The complex was isolated by precipitating with diethyl ether to afford 11.5 mg (50 %) of a turquoise powder. Single crystals suitable for X-ray diffraction were grown with slow diffusion of diethyl ether into a solution of the complex in acetonitrile at RT (Table 1) .
ESI-MS in MeCN: m/z = 683.
[LTEACuCl](SbF 6 )(MeOH): To LTEA (10 mg, 20 µmol) suspended in 1 mL of methanol was added copper(II) chloride (3.4 mg, 20 µmol) dissolved in 1 mL of methanol. The mixture was stirred for 10 minutes and a dark green color formed. The solution was used as is or alternatively single crystals were grown by adding NaSbF 6 (5.2 mg, 20 µmol) to the solution and evaporating the solvent overnight. The dark turquoise/ green crystals were collected in 58 % yield (11 mg, 11 µmol) ( Table 1) .
ESI-MS in MeOH:
m/z = 699. (Table 1) . ESI-MS in MeCN: m/z = 699.
Reactivity
To a 1 cm UV-vis cell equipped with a stir bar, filled with 1. 
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